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ABSTRACT: Microcos paniculata is a large shrub or small tree
that grows in several countries in South and Southeast Asia. In
the present study, three new piperidine alkaloids, micro-
grewiapines A−C (1−3), as well as three known compounds,
inclusive of microcosamine A (4), 7′-(3′,4′-dihydroxyphenyl)-
N-[4-methoxyphenyl)ethyl]propenamide (5), and liriodenine
(6), were isolated from cytotoxic fractions of the separate
chloroform-soluble extracts of the stem bark, branches, and
leaves of M. paniculata. Compounds 1−6 and 1a (microgrewiapine A 3-acetate) showed a range of cytotoxicity values against the
HT-29 human colon cancer cell line. When evaluated for their effects on human α3β4 or α4β2 nicotinic acetylcholine receptors
(nAChRs), several of these compounds were shown to be active as nAChR antagonists. As a result of this study, microgrewiapine
A (1) was found to be a selective cytotoxic agent for colon cancer cells over normal colon cells and to exhibit nicotinic receptor
antagonistic activity for both the hα3β4 and hα4β2 receptor subtypes.

Microcos paniculata L. (Malvaceae) is a member of a genus
having about 60 species distributed in Asia, Africa, South
America, and Australia, with these plants being shrubs or small
trees.1 The dried bark, roots, fruits, and leaves of Microcos
species have been used ethnomedicially to treat diarrhea and
fever, as general tonics, and as insecticides.2−4 Previous
phytochemical work on the genus Microcos has led to reports
of 2,3,6-trisubstituted piperidine alkaloids, with several
substitution patterns and stereochemical configurations in the
piperidine ring possible for such alkaloids.2−4 M. paniculata
produces these alkaloids to defend against herbivory, with
Bandara and associates having reported the insecticidal activity
of a stem bark extract against the second instar larvae of the
mosquito Aedes aegypti.3 Piperidine alkaloids of this type have
also been found outside the plant kingdom, particularly
corydendramines A and B from the marine hydroid
Corydendrium parasiticum and the solenopsins from certain
fire ants (Solenopsis spp.).5−8

Identification of natural products with activities on neuronal
nicotinic acetylcholine receptors (nAChRs) has substantial
implications for drug discovery.9−11 Widely expressed through-

out the central nervous system, peripheral nervous system, and
a number of peripheral organs, nAChRs are ligand-gated ion
channels that mediate acetylcholine-mediated signaling, and
thus contribute to a wide range of physiological processes such
as pain, cognition, fast synaptic transmission, and inflamma-
tion.9,10,12 Associated with various diseases and disorders (e.g.,
depression, anxiety, autism, ADHD, schizophrenia, and cancer),
nAChRs have been a focus of drug discovery efforts as an
attractive therapeutic target.9−11,13

Reported herein is the purification of three new piperidine
alkaloids, microgrewiapines A−C (1-3), and three known
compounds, microcosamine A (4), 7′-(3′,4′-dihydroxyphenyl)-
N-[4-methoxyphenyl)ethyl]propenamide (5), and liriodenine
(6), from the separate stem bark, branches, and leaves of M.
paniculata. All plant parts were collected in Vietnam as part of
an ongoing investigation on the discovery of natural anticancer
agents from tropical plants. Chloroform extracts were purified,
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and their anticancer potential was evaluated by testing cytotoxic
effects against the HT-29 human colon cancer cell line.14 The
structures of the three new compounds were established by
spectroscopic data interpretation. Esterification at the C-3
hydroxy group using the Mosher ester method allowed
unambiguous assignment of the absolute configuration of
compound 1. The three known compounds 4−6 were
identified by spectroscopic analysis and comparison of the
data obtained with literature values.4,15,16 Structural similarity of
compounds 1−4 to the previously identified nAChR antagonist
1-(3-phenylpropyl)piperidin-3-yl)methyl [1,1′-biphenyl]-2-car-
boxylate (KAB-18), along with growing evidence to support the
involvement of nAChRs in various aspects of cancer, provided a
rationale to examine the effects of 1−6 on nAChRs.17−19

As a result of this study, microgrewiapine A (1) was found to
be a cytotoxic agent against HT-29 human colon cancer cells
and to exhibit nicotinic receptor antagonistic activity for both
the hα3β4 and hα4β2 receptor subtypes. This is the first report
of cytotoxicity and nAChR modulatory activity of piperidine
alkaloids from a plant in the genus Microcos.

■ RESULTS AND DISCUSSION
Microgrewiapine A (1) was obtained as colorless needle
crystals, mp 127−128 °C, [α]15D +15.4 (c 0.1, MeOH). A

molecular formula of C17H29NO was determined from the
molecular ion peak at m/z 264.2329 [M + H]+ (calcd for
C17H30NO, 264.2327) in the HRESIMS, which supported the
presence of a single nitrogen atom in the molecule. The IR
spectrum showed bands at 3402, 2929, and 1629 cm−1,
indicative of hydroxy group absorption and olefinic C−H
stretching, respectively. The UV spectrum exhibited a
maximum at 270 nm, suggesting conjugation in the molecule.
The 1H NMR and 13C NMR spectra (600 MHz, CDCl3, Table
1) showed signals for six methine groups in the region δH
5.53−6.16, along with resonances at δH 2.09 (2H, dt, J = 7.2,
6.9 Hz, H-7′), 1.29−1.38 (4H, H-8′, H-9′), and 0.89 (3H, t, J =
7.2 Hz, H-10′), which correlated in the 1H-13C HSQC
spectrum to six olefinic methine carbons [δC 130.1−136.7],
three methylene carbons [δC 32.5 (C-7′); 31.4 (C-8′); 22.0 (C-
9′)], and a methyl carbon [δC 14.1 (C-10′)], respectively.
These NMR signals indicated the presence of a deca-trienyl
group in the molecule of 1. Double-bond geometry at Δ1′,2′
and Δ5′,6′ was determined to be trans on the basis of the large
coupling constants J1′2′ = 14.6 Hz and J5′6′ = 14.5 Hz. For Δ3′,4′,
the configuration could not be determined by coupling
constants due to signal overlap. Differences in 1H and 13C
chemical shifts between (1′E,3′E,5′E) and (1′E,3′Z,5′E)
geometries, however, can be used to elucidate the Δ3′,4′
configuration. If the conjugated triene system adopts a
(1′E,3′E,5′E) geometry, the NMR chemical shifts of H-2′/H-
5′ and C-2′/C-5′ are typically around δH 6.0 ppm and δC 130
ppm, respectively.20 If the conjugated triene instead adopts a
(1′E,3′Z,5′E) geometry, δH H-2′/H-5′ shifts ∼0.4 ppm
downfield and δC C-2′/C-5′ shifts ∼5 ppm upfield.20 The
triene system of 1 shows chemical shifts of δH 6.03−6.16 (H-2′,
H-5′) and δC 130.1−132.6 (C-2′, C-5′), which support a trans
configuration for Δ3′,4′. The remaining 1H and 13C NMR
signals were attributed to a methyl group [δH 1.26 (3H, d, J =
6.1 Hz, CH3-2); δC 16.4], two methylene groups [δH 2.03 (1H,
m, H-4α), 1.29−1.38 (1H, H-4β), 1.49 (1H, ddd, J = 10.1, 3.0,
3.0 Hz, H-5α), 1.63 (1H, m, H-5β); δC 33.5 (C-4), 31.3 (C-5)],
an oxygen-bearing methine group [δH 3.27 (1H, ddd, J = 10.8,
8.9, 4.5, H-3); δC 72.6 (C-3)], two nitrogen-bearing methine

Table 1. 1H NMR and 13C NMR Data for 1−3a

1 2 3

no. δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz)

2 66.1 1.83, dq (8.9, 6.1) 76.5 2.86, dq (10.7, 6.1) 68.6 3.05, dq (12.7, 6.5)
3 72.6 3.27, ddd (10.8, 8.9, 4.5) 67.4 3.90, ddd (11.2, 10.5, 4.8) 71.1 3.82, brs
4α 33.5 2.03, m 33.0 1.46, m 32.1 1.57, m
4β 1.29−1.38b 2.13, m 2.01, m
5α 31.3 1.49, ddd (10.1, 3.0, 3.0) 26.6 2.33, m 23.8 1.56, m
5β 1.63, m 1.62, m 2.67, ddd (12.0, 4.1, 3.6)
6 67.6 2.48, ddd (11.2, 8.7, 3.0) 78.8 3.44, m 79.5 3.53, ddd (11.4, 9.4, 1.9)
1′ 136.7 5.53, dt (14.6, 8.8) 127.7 5.94, dt (15.3, 8.9) 127.9 5.98, dt (15.1, 7.0)
2′-5′ 130.1−132.6 6.03−6.16b 128.8−135.8 6.05−6.26b 129.2−136.1 5.96−6.25b

6′ 135.7 5.71, dd (14.5, 7.4) 137.6 5.74, dd (14.2, 7.2) 137.8 5.72, dd (15.2, 9.0)
7′ 32.5 2.09, dt (7.2, 6.9) 32.9 2.09, dt (7.2, 6.9) 32.7 2.09, dt (7.0, 6.2)
8′, 9′ 31.4; 22.0 1.29−1.38b 30.9; 21.8 1.26−1.41b 31.5; 22.5 1.24−1.39b

10′ 14.1 0.89, t (7.2) 14.3 0.89, t (7.0) 14.1 0.89, t (7.1)
CH3-2 16.4 1.26, d (6.1) 10.6 1.57, d (6.0) 13.5 1.66, d (6.5)
N-CH3 40.4 2.21, s 51.1 2.95 54.1 2.86, s

aCompound 1 measured at 600 MHz, compounds 2 and 3 measured at 400 MHz. All compound NMR spectra obtained in CDCl3 with TMS as
internal standard; J values (Hz) are given in parentheses. Assignments supported with 1H−1H COSY, HSQC, and HMBC spectra. bMultiplicity
patterns unclear due to signal overlapping.
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groups [δH 2.48 (1H, ddd, J = 11.2, 8.7, 3.0 Hz, H-6), 1.83 (1H,
dq, J = 8.9, 6.1 Hz, H-2); δC 67.6 (C-6), 66.1 (C-2)], and a N-
CH3 group [δH 2.21 (3H, s, N-CH3); δC 40.4]. The oxygen-
bearing methine group at δH 3.27 (H-3) showed a 1H−1H
COSY correlation with the nitrogen-bearing methine group at
δH 1.83 (H-2). The methylene signals δH 1.49 and 1.63,
corresponding to the C-5 protons, exhibited a 1H−1H COSY
correlation with the nitrogen-bearing methine group at δH 2.48
(C-6). A heteronuclear 1H−13C HMBC three-bond correlation
between CH3-2 (δH 1.26) and C-3 (δC 72.6), a four-bond
correlation between the N-CH3 (δH 2.21) group and CH3-2,
and a two-bond correlation between both C-5 protons and the
nitrogen-bearing methine group at δH 2.48 (C-6) were
observed. The chemical shift values and connectivity patterns
from the 1H−1H COSY and 1H−13C HMBC spectra indicated
the presence of an N-methyl-2-methyl-3-piperidinol ring.2−4

The 1H NMR signal at δH 5.53 (1H, dt, J = 14.6, 8.8 Hz, H-1′)
was coupled to the nitrogen-bearing methine signal at δH 2.48
(C-6) with a magnitude of 8.7 Hz and also showed a 1H−1H
COSY correlation to the same methine proton, indicating that
the deca-1E,3E,5E-trienyl group is attached to the N-methyl-2-
methyl-3-piperidinol ring at C-6. The absolute configuration at
the C-3 hydroxy group position was accomplished using a
Mosher esterification procedure.21,22 Two portions of 1 (each
1.0 mg) were treated with (S)-(+)-α- and (R)-(−)-α-methoxy-
α-(trifluoromethyl)phenylacetyl chloride (14 μL) in deuterated
pyridine (0.5 mL) directly in separate NMR tubes at room
temperature, affording the (R)- and (S)-MTPA esters,
respectively.21,22 Observed chemical shift differences (ΔδS−R)
indicated the absolute configuration at the OH-3 group of 1 to
be R (Figure 1).

With the absolute configuration at the OH-3 position
determined, analysis of coupling constants and 1H−1H
NOESY correlations established the relative conformation of
the remaining substituents of the piperidinol ring. The coupling
constant between H-3α and the signal at δH 1.83 (H-2) was 8.9
Hz, indicating the substituents were trans configured. Strong
1H−1H NOESY correlations between H-2 and the signal at δH
2.48 (H-6) suggested that the latter proton is oriented on the
β-face of the piperidinol ring with H-2 (Figure 2). Accordingly,
microgrewiapine A (1) was assigned structurally as (2S,3R,6S)-
6-((1E,3E,5E)-deca-1,3,5-trien-1-yl)-1,2-dimethylpiperidin-3-ol.
Microgrewiapine B (2) was obtained as a clear, amorphous

solid, mp 134−136 °C, [α]25D +4.0 (c 0.1, MeOH). A
molecular formula of C17H29NO2 was determined from the
molecular ion peak at m/z 280.2269 [M + H]+ (calcd for
C17H30NO2, 280.2276) in the HRESIMS. The IR spectrum
showed absorption bands at 3400, 2967, 1670, 1204, and 1000
cm−1, indicative of the presence of hydroxy, olefinic C−H, C−

N, and aliphatic amine oxide functionalities, respectively. The
1H NMR and 13C NMR spectra (400 MHz, CDCl3, Table 1)
showed that signals in the piperidine ring were shifted
downfield, compared to 1, due to the presence of an N-oxide
moiety. Downfield shifts were pronounced in both the
nitrogen-bearing methine signals at δH 2.86 (1H, dq, J =
10.7, 6.12 Hz, H-2) and 3.44 (1H, m, H-6) and the oxygen-
bearing methine signal at δH 3.90 (1H, ddd, J = 11.2, 10.5, 4.8
Hz, H-3). Despite the downfield shifts of these signals, the
splitting patterns were comparable to the analogous signals in
compound 1 (Table 1). The coupling constant between the
oxygenated methine at δH 3.90 (H-3) and the signal at δH 2.86
(H-2) was 10.7 Hz, indicating a trans configuration between H-
3 and H-2.
Two configurations at the nitrogen atom of 2 are possible.

For a 1R configuration, a 1H−1H NOESY correlation between
N-CH3 and H-3 would not be expected. Indeed, no NOE
correlation was observed between the signals at δH 2.95 (N-
CH3) and 3.90 (H-3) (Figure 3). Strong 1H−1H NOESY

correlations were seen between the N-methyl (δH 2.95) and H-
2 (δH 2.86) signals, due to the proximity within 4 Å of these
functionalities (Figure 3). In addition, 1H−1H NOESY
correlations were observed between the signals at δH 2.86
(H-2) and 3.44 (1H, m, H-6), indicating these protons to be
located on the same face of the piperidinol ring. The 1H NMR
coupling patterns and 1H−1H NOESY correlations observed
for 2 were supported by in silico MP2 energy minimization
studies using the 6-311G(d,p) basis set, implemented in the
Guassian 09 program.23 Relative energies of the 1R and 1S
enantiomers of 2 in the gas phase, ethanol, and water were
computed, and the 1R enantiomer was found to be the more
energetically favorable. Energy difference values between the 1R
and 1S enantiomers of 2 were calculated to be 2.76, 1.08, and
0.94 kcal/mol for the gas phase, ethanol, and water,
respectively. The solvent effects were calculated with a
polarized continuum model that implicitly calculates the effects
the solvent has on the molecule. Microgrewiapine B (2) was
assigned structurally, therefore, as (2S,3R,6S)-6-(1E,3E,5E)-
deca-1,3,5-trien-1-yl)-3-hydroxy-1,2-dimethylpiperidine 1-
oxide.
Microgrewiapine C (3) was obtained as colorless needle

crystals, mp 130−131 °C, [α]25D +77.8 (c 0.1, MeOH). A
molecular formula of C17H29NO2 was determined from the
molecular ion peak at m/z 280.2281 [M + H]+ (calcd for

Figure 1. Chemical shift difference values, δ(S−R), for protons on the
esterified piperidinol ring of 1, as established by the Mosher ester
method.

Figure 2. Key COSY, HMBC, and NOESY correlations of 1.

Figure 3. Key NOESY correlations and energy-minimized 3D
structure of 2.23
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C17H30NO2, 280.2277) in the HRESIMS. The UV and IR
spectra were closely comparable to those of the 3R enantiomer,
2. The 1H NMR signal at δH 3.82 (1H, brs, H-3) appeared as a
broad singlet when compared to the ddd pattern as observed
for 2. The methine signal at δH 3.05 (1H, dq, J = 12.7, 6.5 Hz,
H-2) would be expected to cause a split pattern for H-3;
however no peak multiplicity was observed for this proton. The
3S configuration was supported by a strong 1H−1H NOESY
correlation between the signals at δH 3.05 (1H, dq, J = 12.7, 6.5
Hz, H-2), 3.82 (1H, brs, H-3), and 3.53 (1H, ddd, J = 11.4, 9.4,
1.9 Hz, H-6), indicating that these substituents have the same
orientation. In addition, a strong 1H−1H NOESY correlation
between δH 2.86 (3H, s, N-CH3) and 3.82 (1H, brs, H-3) was
observed, confirming the opposite configuration from that of 2,
for which this correlation was absent. Microgrewiapine C (3)
was therefore assigned as (2S,3S,6S)-6-((1E,3E,5E)-deca-1,3,5-
trien-1-yl)-3-hydroxy-1,2-dimethylpiperidine 1-oxide.
As part of an ongoing investigation on the discovery of

natural anticancer agents from tropical plants, compounds 1−6
were evaluated for their cytotoxic activity against HT-29 human
colon cancer cells. Compound 1 was found to be the most
active in inhibiting the proliferation of HT-29 cancer cells, with
an IC50 value of 6.8 μM. Screening of 1 against CCD-112CoN
normal colon cells resulted in an IC50 value of 30.4 μM.
Therefore, the selectivity ratio of compound 1 for cancerous
colon cells versus normal colon cells was found to be
approximately 4. Microgrewiapine 3-acetate (1a) and com-
pounds 2, 3, 5, and 6 showed IC50 values greater than 10 μM
when evaluated against the HT-29 cancer cell line and were
therefore deemed inactive.
Structural similarities between 1−4 and 1-(3-phenylpropyl)-

piperidin-3-yl)methyl [1,1′-biphenyl]-2-carboxylate, which was
previously identified as a novel ligand of neuronal nicotinic
receptors, prompted an examination of the effects of these
compounds on nAChRs.17 In particular, the phenyl rings, the
three-carbon aliphatic chain, and the piperidine ring in KAB-18
are comparable to the triene side-chain, aliphatic tail, and
piperidinol ring found in 1−4. The effects of 1−6 and 1a on
human nAChR activity were tested using a functional calcium
accumulation assay with HEKtsA201 cells stably expressing
either human hα4β2 or hα3β4 nAChRs. When assayed at a
single concentration (10 μM), all of the natural products (1−6)
and the semisynthetic acetate analogue (1a) inhibited the
epibatidine-stimulated calcium accumulation on hα4β2 or
hα3β4 nAChRs (Figure 4, Table 2). This supports their
classification as antagonists of human nAChRs. Specifically,
compound 1 exhibited approximately 60% and 70% inhibition
of hα4β2 and hα3β4 nAChR activity, respectively. In
comparison, the acetate 1a inhibited approximately 40% of
the hα4β2 nAChR response (compound 1a was not tested
against hα3β4). Analogues incorporating an N-oxide moiety (2
and 3) also caused ∼80% inhibition for both the hα4β2 and
hα3β4 nAChRs. Microcosamine A (4) inhibited 53.7% and
59.0% of the hα3β4 and hα4β2 activity, respectively.
Compounds 5 and 6 produced only weak inhibition of activity
for both the hα3β4 and hα4β2 nAChRs (less than 20%
inhibition). The acetate analogue 1a was synthesized from 1
and shows that compounds with a free hydroxy group at C-3
have more potent activity as nAChR antagonists.
The extent of inhibition shown by these natural products is

similar to those of other established nAChR antagonists
including bupropion, dihydro-β-erythroidine, d-tubocurarine,
mecamylamine, tetracaine, and KAB-18-like molecules.17,24−26

It is also worth noting the mechanisms by which KAB-18 exerts
antagonistic effects on nAChRs. Functional studies with KAB-
18 have shown its insurmountable antagonism, suggesting that
its activity on nAChRs involves a noncompetitive and allosteric
mechanism.17 That is, KAB-18 does not directly compete with
the endogenous ligand acetylcholine for its binding site, but
instead acts at a distinct (allosteric) site. Therefore, it has been
defined as a negative allosteric modulator of nAChRs. As
allosteric modulators can offer significant therapeutic advan-
tages over competitive ligands in clinical practice,13 additional
attention is warranted on the discovery of natural products,
such as compounds 1−4, which show activity on nAChRs, with
a focus on the structural similarities to known allosteric
modulators.
Given the evidence implicating nAChRs in the development

and progression of cancer, the cytotoxicity of 1−3 against HT-

Table 2. Percent Inhibition of nAChR Activity by a Single
Concentration of Compounds 1−6 and 1a

hα3β4 nAChR hα4β2 nAChR

compound % inhibitiona,b % inhibitiona,b

1 58.2 ± 9.2 74.0 ± 14.2
2 82.7 ± 3.3 79.3 ± 6.0
3 82.8 ± 11.5 67.3 ± 28.0
4 53.0 ± 9.5 59.0 ± 7.8
5 14.0 ± 6.6 21.8 ± 6.2
6 19.3 ± 24.4 13.3 ± 24.5
1a NTc 44.1 ± 22.3
D-tubocurarined 54.0 ± 23.5 61.0 ± 27.9
mecamylamined 88.3 ± 13.3 91.8 ± 5.6
KAB-18d NAe 39.0 ± 11.7

aPercent inhibition was determined at 10 μM. bValues represent
means ± SD, n = 2−5. cNT = not tested. dKnown nicotinic receptor
antagonist. eNA = no activity at 10 μM.

Figure 4. Effects of compounds 1−6 on recombinant nAChRs. An
inhibition assay for each compound was performed using HEK tsA201
cells stably expressing hα3β4 and hα4β2 nAChRs. Cells were loaded
with Calcium 5 NW dye and stimulated with 1 μM epibatidine in the
presence of a single concentration of each test compound (10 μM), as
described in the Experimental Section. Results are expressed as the
percentage of the control (epibatidine)-stimulated peak fluorescence
level. Values represent the means ± SD of three to five experiments
performed in triplicate. Percentage inhibitions achieved by the test
compounds are shown in Table 2.
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29 human colon cancer cells may be influenced by nAChR
modulation. Indeed, there is growing evidence implicating
nAChRs in various aspects of cancer development and
progression. nAChRs can influence the function, growth, and
survival of cancer cells by regulation of a number of
neurotransmitters and growth, angiogenic, and neurotrophic
factors (e.g., dopamine, glutamate, γ-aminobutyric acid
(GABA), serotonin, BDNF, VEGF, HGF, TGF-α, TGF-β,
and PDGF).18,27 In addition, nAChR activation and the
resulting increases in intracellular Ca2+ concentrations lead to
stimulation of a number of signaling pathways mediating cell
proliferation (e.g., Src kinase cascade, PI3-Akt pathway, ERK/
MAP kinase cascade, NF-κB pathway, and cyclic AMP signaling
cascade).28 Through activation of antiapoptotic proteins and
induction of NF-κB, nAChRs also directly influence cell
survival. Although the in vitro cytotoxicity of 1−3 may be
influenced by nAChR modulation, exploration of this
mechanism is outside the scope of this investigation, but
presents a worthy future direction.
Owing to the implication of nAChRs in various diseases and

disorders, the discovery of natural compounds with antagonistic
activity on nAChRs is of great relevance. In particular, the
involvement of nAChRs in various aspects of cancer growth
and progression suggests that the cytotoxic effects of
compound 1 on HT-29 human colon cancer cells, combined
with the nAChR modulation by compounds 1−3, warrant
further study. The role of nAChRs in physiological and
pathophysiological processes in the central nervous system
makes these types of molecules an interesting starting point for
drug discovery in this area.

■ EXPERIMENTAL SECTION
General Experimental Procedures. Melting points were

determined on a Fisher Scientific melting point apparatus and are
uncorrected. Optical rotations were determined on a PerkinElmer 343
automatic polarimeter (sodium lamp). UV spectra were obtained with
a PerkinElmer Lambda 10 UV/vis spectrometer. IR spectra were
measured on a Thermo Scientific Nicolet 6700 FT-IR spectrometer.
NMR spectroscopic data were run on Bruker Avance-300, 400, or 600
MHz spectrometers, and the data were processed using MestReNova
6.0 software. Accurate mass values were obtained on a Micromass LCT
ESI spectrometer. Sodium iodide was used for mass calibration for a
calibration range of m/z 100−2000. Silica gel (43−60 mesh; Sorbent
Technologies, Atlanta, GA, USA) was used for column chromatog-
raphy. Analytical TLC was performed on precoated 250 μm thickness
silica gel plates (UV254, glass backed; Sorbent Technologies). HPLC
was conducted using a Hitachi LaChrom Elite system composed of a
L-2450 diode array detector, a L-2200 autosampler, and a L-2130
pump. Waters X-Bridge C18 5 μm (4.6 × 150 mm) analytical and 5 μm
(10 × 150 mm) semipreparative HPLC columns were used.
Plant Material. Separate samples of the stem bark, branches and

leaves of Microcos paniculata were collected in Kego Nature Reserve
(18°08.087′ N; 105°56.020′ E; 40 m alt.), Hatinh Province, Vietnam,
in December 2008, by T.N.N., Vuong Tan Tu, and D.D.S., who also
identified this plant. A voucher specimen (collection number DDS
14261) has been deposited in the John G. Searle Hebarium of the
Field Museum of Natural History, Chicago, Illinois.
Extraction and Isolation. The dried and milled stem bark (646

g), branches (1.1 kg), and leaves (770 g) of M. paniculata were
extracted separately with methanol. For the stem bark, the MeOH
extract (179 g) was concentrated in vacuo and partitioned to afford a
hexanes extract (2 g) and a CHCl3 extract (8 g). Bioactivity-guided
fractionation of the CHCl3-soluble extract (D3) was carried out using
an HT-29 human colon cancer cell line and showed an IC50 value of
9.9 μg/mL. D3 was chromatographed using vacuum-liquid chroma-
tography over silica gel (230−400 mesh) with a step gradient from

hexanes, to EtOAc, to MeOH, producing 11 pooled fractions (F1−
F11). Fraction F6 (eluted using EtOAc/10% MeOH) had the most
pronounced cytotoxicity (IC50 = 6.0 μg/mL) and was visualized with
Dragendorff’s reagent, indicating the presence of alkaloids. Isocratic
column chromatographic purification of F6 using silica gel (43−60
mesh; CHCl3/MeOH, 15:1) as adsorbent provided 18 further
fractions (R1−R18). Fraction R7 was subjected to Sephadex LH-20
column chromatography with elution by 100% MeOH, to afford
colorless needles of compound 1 (7 mg).

From the branches of M. paniculata, the MeOH extract (39 g) was
concentrated in vacuo and partitioned to afford a hexanes extract (7 g)
and a CHCl3 extract (6 g). Bioactivity-guided fractionation of the
CHCl3-soluble extract (D3) was carried out using the HT-29 human
colon cancer cell line and showed an IC50 value of 13.1 μg/mL. D3
was chromatographed over silica gel (230−400 mesh), with a step
gradient from hexanes, to EtOAc, to MeOH, producing nine fractions
(F1−F9). Fractions F7 and F8 (eluted with EtOAc/10% MeOH) had
the most pronounced cytotoxicity, with IC50 values of 11.6 and 14.6
μg/mL, respectively. The use of Dragendorff’s reagent suggested that a
group of alkaloids in F7 and F8 could be contributing to the observed
cytotoxicity. Purification of F7 employed a reversed-phase (C18)
HPLC gradient separation (30:70 CH3CN/H2O to 60:40 CH3CN/
H2O) over 40 min, affording compound 5 (tR = 22 min; 3 mg) as the
most highly absorbing analyte in the mixture at 205 nm. Passage of F8
over silica gel (43−60 mesh) (eluted with CHCl3/MeOH, 15:1)
produced 34 fractions, which were combined on the basis of TLC
analysis to afford two fractions (R1 and R2). Fraction R1 yielded a
yellow, crystalline material, which was purified by reversed-phase
HPLC (C18) (5:95 MeOH/H2O to 95:5 MeOH/H2O) over 60 min,
affording compound 6 (tR = 30 min; 1.3 mg). Fraction R2 was purified
by passage over a silica gel (40−63 μm mesh) column (CHCl3/
MeOH, 10:1 to 5:1), affording four fractions (T1−T4). T2 was
purified by reversed-phase HPLC (C18) (48:52 MeOH/H2O with
0.01% NH4OH in H2O mobile phase), to afford microgrewiapine B (2,
tR = 87 min; 2 mg) as the most highly UV absorbing analyte in the
mixture at 270 nm. T3 was purified by reversed-phase HPLC (C18)
(30:70 CH3CN/H2O with 0.01% NH4OH in H2O mobile phase) to
afford microgrewiapine C (3, tR = 79 min; 1.5 mg).

From the leaves of M. paniculata, the MeOH extract (200 g) was
concentrated in vacuo and partitioned to afford a hexanes extract (21
g) and a CHCl3 extract (12 g). Bioactivity-guided fractionation of the
CHCl3-soluble extract (D3) was carried out using an HT-29 human
colon cancer cell line and showed an IC50 value of 2.9 μg/mL. D3 was
chromatographed over silica gel (230−400 mesh), with a step gradient
from hexanes, to EtOAc, to MeOH, producing 11 major fractions
(F1−F11). F11 (eluted with EtOAc/40% MeOH) had the most
pronounced cytotoxicity, with an IC50 value of 1.7 μg/mL. F11 was
loaded onto a Diaion HP-20 column and eluted with 50:50 MeOH/
H2O to obtain a Dragendorff-positive alkaloidal fraction. The retained
chlorophyll portion was eluted with pure acetone and stored. F11 was
then chromatographed over a silica gel column (43−63 mesh) with a
gradient elution (EtOAc/CH3CN/H2O/MeOH, 70:10:5:5, increasing
to 60:20:20:20 of this same solvent mixture), affording four fractions
(R1−R4). R1 was further separated by reversed-phase HPLC (C18)
(56:44 CH3CN/H2O with 0.01% NH4OH in H2O mobile phase), to
afford compound 4 (tR = 46 min; 4.5 mg) along with a minor impurity.
Crude 4 was subjected to silica gel (43−63 mesh) chromatography
using CHCl3/MeOH, 8:1, to afford 4 (0.6 mg) as an amorphous solid.

Microgrewiapine A (1): colorless needle crystals; mp 127−128 °C;
[α]25D +15.4 (c 1.0, MeOH); UV (MeOH) λmax (log ε) 270 (3.87)
nm; IR (film) νmax 3402, 2956, 2923, 2864 cm

−1; 1H NMR (600 MHz,
CDCl3) and 13C NMR (150 MHz, CDCl3) data, see Table 1;
HRESIMS m/z 264.2329 [M + H]+ (calcd for C17H30NO, 264.2327).

Preparation of Microgrewiapine A 3-Acetate (1a). A catalytic
amount of N,N-dimethylaminopyridine (0.1 equiv) and 5 mg of 1 were
placed in a round-bottomed flask under argon. Anhydrous dichloro-
methane (500 μL) was added, and the mixture was cooled to 0 °C.
Triethylamine (2 equiv) was added, followed by dropwise addition of
acetic anhydride (3 equiv), and the reaction was warmed to room
temperature and stirred for 3 h. The reaction was quenched with a
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saturated aqueous NaHCO3 solution at 0 °C. The mixture was
extracted two times with ethyl acetate (50 mL), and the combined
organic layers were washed with brine, dried over Na2SO4, filtered, and
evaporated in vacuo. The crude product was chromatographed over
silica gel (CHCl3/MeOH/AcOH, 10:1:0.1) to yield 1a as a white,
amorphous solid (3 mg, 60%).
Microgrewiapine A 3-acetate (1a): amorphous solid; [α]25D +19.5

(c 1.0, MeOH); UV (MeOH) λmax (log ε) 259 (4.29) nm; 1H NMR
(400 MHz, CDCl3) δH 0.87 (3H, t, J = 7.0 Hz, H-10′), 1.11 (3H, d, J =
5.8, CH3-2α), 1.30 (1H, m, H-2β), 1.31−1.42 (1H, m, H-4α), 1.31−
1.42 (2H, m, H-8′, 9′), 1.35 (1H, m, H-5α), 1.55 (1H, ddd, J = 13.2,
3.3, 2.0 Hz, H-5β), 1.69 (1H, m, H-4β), 2.05 (3H, s, OCOCH3), 2.12
(1H, m, H-7′), 2.21 (3H, s, N-CH3), 2.54 (1H, ddd, J = 11.2, 8.6, 3.4
Hz, H-6β), 4.48 (1H, ddd, J = 10.6, 7.3, 2.6 Hz, H-3α), 5.55 (1H, dt, J
= 14.4, 8.8, H-1′), 5.72 (1H, dd, J = 7.1, 7.0, H-6′), 6.04−6.18 (4H, m,
H-2′−5′); 13C NMR (100 MHz, CDCl3) δC 170.7 (OCOCH3), 137.4
(C-1′), 136.7 (C-6′), 130.8−133.6 (C-2′−C-5′), 75.1 (C-3), 67.2 (C-
6), 33.7 (C-7′), 32.3 (C-4), 31.4 (C-8′), 30.3 (C-5), 22.4 (C-9′), 21.8
(C-2), 14.7 (C-10′); HRESIMS m/z 306.2419 [M + H]+ (calcd for
C19H31NO2, 306.2433).
Preparation of MTPA Esters of Microgrewiapine A (1). A

modified Mosher ester procedure carried out directly in NMR tubes
was used as previously reported.21,22After drying compound 1 (2 mg,
0.0078 mmol) in the NMR tube overnight in a desiccator,
approximately 400 μL of pyridine-d5 were added under argon.
Separate 2 mg portions of 1 were treated with (S)-α-methoxy-α-
(trifluoromethyl)phenylacetyl chloride and (R)-MTPA-Cl (0.075
mmol, 10 equiv) at room temperature. After 6 h, the reaction was
complete and the 1H NMR (400 MHz, CDCl3) and 1H−1H COSY
spectra were recorded. Ambiguous and overlapping signals were not
used for the ΔδS−R calculations.21,22 1H NMR data of (R)-MTPA ester
of 1 (400 MHz, pyridine-d5): δ 2.60 (3H, s, N-CH3), 2.37 (1H, m, H-
5), 1.89 (1H, m, H-4a), 1.50 (2H, m, H-4b), 1.25 (3H, m, CH3-2).

1H
NMR data of (S)-MTPA ester of 1 (400 MHz, pyridine-d5): δ 2.56
(3H, s, N-CH3), 2.42 (1H, m, H-5), 1.91 (1H, m, H-4a), 1.64 (2H, m,
H-4b), 1.12 (3H, m, CH3-2).
Microgrewiapine B (2): amorphous solid; mp 134−136 °C; [α]25D

+4.0 (c 0.1, MeOH); UV (MeOH) λmax (log ε) 272 (3.97) nm; IR
(film) νmax 3400, 2967, 1670, 1204, 1000 cm−1; 1H NMR (400 MHz,
CDCl3) and 13C NMR (100 MHz, CDCl3) data, see Table 1;
HRESIMS m/z 280.2269 [M + H]+ (calcd for C17H30NO2, 280.2276).
Microgrewiapine C (3): colorless needle crystals; mp 130−131 °C;

[α]25D +77.8 (c 0.1, MeOH); UV (MeOH) λmax (log ε) 274 (3.92)
nm; IR (film) νmax 3400, 2967, 1670, 1204, 1000 cm

−1; 1H NMR (400
MHz, CDCl3) and

13C NMR (100 MHz, CDCl3) data, see Table 1;
HRESIMS m/z 280.2281 [M + H]+ (calcd for C17H30NO2, 280.2277).
Cytotoxicity Assays. Isolation was directed using a gatekeeper

assay that tests cytotoxicity toward HT-29 human colon cancer cells.
Compounds 1−6 were evaluated in this assay and showed a range of
activities according to a previously described protocol.14 Paclitaxel was
used as a positive control and exhibited an IC50 value of 0.001 μM.
Compound 1 and paclitaxel were screened also against a normal

colon cell line (CCD-112CoN). Compounds with an IC50 value less
than 10 μM against HT-29 cells were further tested against the CCD-
112CoN normal colon cell line. For this assay, CCD-112CoN
noncancerous human colon cells (ATCC, CRL-1541) were cultured in
MEME medium (Hyclone, Logan, UT, USA) supplemented with 10%
FBS, PSF, 1.0 mM sodium pyruvate, 0.1 mM nonessential amino acid,
and 1.5 g/L sodium bicarbonate and placed in a humidified incubator
with an atmosphere of 95% air and 5% CO2 at 37 °C. Cells were
trypsinized and split for subculture when they reached near-confluent
state (5 days or later). Upon reaching about 70% confluence, the
medium was changed and the cells were used for the test procedure
one day later. The harvested cells, after appropriate dilution, were
seeded per well in 96-well CCD-112CoN normal colon cells (7600
cells/190 μL) plates using complete medium and were treated with the
test samples (10 μL/well in triplicate) at various concentrations. Test
samples were performed using 10% DMSO as the solvent. Then, 10
μL of 10% DMSO was also added to the control wells. After
incubation for 3 days at 37 °C in 5% CO2, the cells were fixed to the

plates by the addition of 100 μL of cold 20% trichloroacetic acid and
incubated at 4 °C for 30 min. Next, the plates were washed three times
with tap water and dried overnight. The fixed cells were stained for 30
min at room temperature with 0.4% (w/v) sulforhodamine B, an
anionic protein stain in 1% acetic acid, and rinsed three times with 1%
acetic acid to remove unbound dye and allowed to dry. The bound dye
was then solubilized with 10 mM unbuffered Tris base (pH 10, 200
μL/well) for 5 min on a shaker. Absorbance at 515 nm was measured
with a Bio-Tek μQuant microplate reader. The IC50 values of test
samples in serial dilutions were calculated using nonlinear regression
analysis (TableCurve 2D v4; AISN Software, Inc., Mapleton OR,
USA). Paclitaxel exhibited an IC50 value of 23.0 μM against CCD-
112CoN normal colon cells.

Calcium Accumulation Assays. Calcium accumulation assays
were performed with HEK ts201 cells stably expressing either human
α3β4 nAChRs (hα3β4 nAChRs) or human α4β2 nAChRs (hαβ2
nAChRs) (obtained from Professor Jon Lindstrom, University of
Pennsylvania, Philadelphia, PA, USA), using a previously reported
procedure.17,24,26 Cells were plated at a density of 2.0 to 2.3 × 105 cells
per well in poly-L-ornithine-coated 96-well culture plates 24 h prior to
the assay. On the day of experiments, cells were washed with 100 μL of
HEPES-buffered Krebs (HBK) and incubated with 40 μL of HBK and
40 μL of Calcium 5 NW dye (Molecular Devices, Sunnyvale, CA,
USA) (1 h, room temperature). Changes in intracellular calcium levels
resulting from nAChR activation were then measured simultaneously
during and after the course of drug treatment period using a fluid
handling integrated fluorescence plate reader (FlexStationII, Molecular
Devices, Sunnyvale, CA, USA). In order to evaluate the antagonistic
effects of compounds, cells were treated with the compounds at the
first addition (20 s) and with 1 μM of the nAChR agonist epibatidine
(Thermo Fisher Scientific, Pittsburgh, PA, USA) at the second
addition (60 s) in the continued presence of the compounds. For the
quantification of compound antagonistic effects, a control-agonist-
treated group and a control-sham group were included. For the
control-agonist group, HBK (40 μL) and 1 μM epibatidine solution
(40 μL) were added at the first and second treatment period,
respectively. The control-sham group was treated with HBK (40 μL)
at the first and second treatment period, respectively. The changes in
fluorescence were measured continuously for 120 s from the bottom of
the well at an excitation of 485 nm and emission of 525 nm at ca. 1.5 s
intervals. Functional responses were quantified by first calculating the
net fluorescence (the difference between control-agonist-treated group
and control-sham group), and results were expressed as a percentage
of control-agonist group (1 μM epibatidine). All functional data were
calculated from the number of observations performed in triplicate.
For pharmacological evaluation, compounds were initially prepared
with 100% DMSO (0.01 M stocks). Further dilutions of compounds
were made in HBK buffer (≤100 μM).
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